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The peripheral roles of Nogo are virtually unknown. Here, we identify Nogo-B as a 
component of lipid raft domains in cultured endothelial cells In contrast to the 
inhibitory action of Nogo-A on cell adhesion and axon a 1 sprouting, the amino 
terminus of Nogo-B promotes the adhesion, spreading and migration of endothelial 
cells. We also show that Nogo-B is highly expressed in intact blood vessels plays a 
role in vascular remodeling. Vascular injury in Nogo-A/B knockout mice promotes 
exaggerated neointimal proliferation and conversely adenoviral mediated 
transduction of injured blood vessels with Nogo-B reduces neointimal expansion in 
wild-type mice. Thus, Nogo-B is a novel regulator of vascular homeostasis and 
remodeling, broadening the functional scope of this family of proteins. 

The Nogo isoforms —A, -B and-C are members of the reticulon family of proteins. Nogo- 
A and Nogo-C are highly expressed in the CNS, with Nogo-C additionally found in 
skeletal muscle, while Nogo-B is found in most tissues- [1, 2] Nogo-A, produced in 
oligodendrocytes, is an inhibitor of axonal growth and repair. Neutralization of Nogo-A 
function with antibodies that target the amino terminus [3, 4]or receptor blockade with a 
peptide that antagonizes the loop domain of Nogo-A (Nogo-66) from binding to its 
cognate receptor NgA-R[5], promotes axon regeneration after injury in mice. Given the 
considerable implications of understanding Nogo-A mediated processes in the nervous 
system, little attention has been paid to the function or significance of Nogo isoforms in 
non-neural tissues. 
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Since our lab is interested in signaling processes arising in caveolin-1 enriched 
microdomains (CEM) and/ or lipid rafts (LR), we performed a proteomic analysis of 
highly purified caveolin-1 containing, cholesterol-rich, buoyant membrane microdomains 
(CEM/LR) isolated from endothelial cells and identified Nogo-B in these membrane 
subtractions. As seen in Fig. 1 A, RT-PCR of total RNA isolated from a human 
endothelial cell line (EA.hy.926) and primary cultures of human umbilical vein 
endothelial cells (HUVEC) shows the expression of Nogo-A total Nogo-B andNogo-B2 
mRNAs in endothelial cells (plasmids encoding the cDNAs for human Nogo-A and -B 
are positive controls). Western blotting with an antibody that recognizes amino acids 1- 
18 in the amino terminus of both Nogo-A and -B (a-Nogo Ab 1-18) documents 
endogenously expressed Nogo-B protein in COS cells transfected with plasmids encoding 
Nogo-A or Nogo-B and in endothelial cells, with Nogo-A protein found only in cells 
transfected with the Nogo-A cDNA (Fig IB). Similar results have been obtained 
documenting mRNA, but not protein expression of Nogo-A in several tissues by other 
investigators.[6] Sucrose gradient fractionation of endothelial cell membranes into 
buoyant, caveolin-1 enriched microdomains (fractions 2-4, enriched in caveolin-1) versus 
other membranes enriched in angiotensin converting enzyme (ACE), a bulk plasma 
membrane marker and P-COP , a Golgi/post-Golgi vesicle marker, demonstrates 
enrichment of Nogo-B in light membrane fractions (1C). To assess if Nogo-B is in lipid 
rafts of the plasma membrane (PM) versus other organelles, we first isolated PM, then 
isolated CEM/LR by sucrose gradient fractionation. As seen in Fig ID, Nogo-B, 
caveolin-1, ACE and calnexin (an endoplasmic reticulum marker protein) were found in 
the starting material (post-nuclear supernatant, PNS). After isolation of PM, Nogo-B, 
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caveolin-1 and ACE are present in the PM pellet and de-enriched in the post membrane 
supernatant (PMS). Residual Nogo-B is found PMS, co-sedimenting with calnexin, 
consistent with the previously described localization of Nogo-A protein in the 
endoplasmic reticulum. Further isolation of buoyant density membranes from the PM 
fraction (LR), established by the presence of caveolin-1 and absence of ACE and 
calnexin , identifies Nogo-B in plasmalemma CEM/LR. This is further supported by 
immunofluoresceht microscopy demonstrating partial co-registration of Nogo-B and 
caveolin-1 in permeabilized endothelial cells (Fig IE) showing a predominantly reticular 
pattern in permeabilized cells with some plasmalemmal staining. 

To determine the orientation of Nogo-B in the PM, we performed FACS analysis in non- 
permeabilized EA.hy.926 cells with a-Nogo (1-18) and non-immune goat primary IgG as 
a control for the Nogo-B antibody. Fig. IF demonstrates the presence of Nogo-B on the 
cell surface. This reflects approximately 1-2 % of the total Nogo-B pool, relative to the 
population of Nogo-B in permeabilized cells. To examine this pool microscopically, 
immunofhiorescent microscopy for Nogo-B was performed in non-permeabilized cells. 
As seen in Fig 1G (upper left panel), a-Nogo (1-18) labels the cell surface of endothelial 
cells in a punctate manner consistent with patching of protein on the cell surface, whereas 
labeling with an antibody against caveolin-1 (an intracellular membranous antigen) is 
absent (upper right panel). The cell surface labeling of Nogo-B is eliminated by the 
immunogenic peptide (bottom left panel, 1 G) and with goat IgG (bottom right panel). 
Collectively, these data identify Nogo-B as a protein found in plasmalemma CEM/LR of 
endothelial cells with its amino terminus oriented toward the cell surface. 
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Since the amino terminus of Nogo-B appears oriented extracellularly in endothelial cells, 
we examined the potential functional domains of Nogo-B using glutathione S-transferase 
fusion proteins encompassing the amino terminal domain (residues 1-200, GST Am- 
Nogo-B) and the loop domain (residues 236-301, GST Nogo-66; Fig. 2A). These regions 
are conserved in Nogo-A and -B, with the amino terminus of Nogo-B being much 
shorter. A fusion protein of the longer amino terminus of Nogo-A (residues 1 —1040) 
inhibits the spreading of various cells, whereas the Nogo-66 specifically inhibits the 
spreading of neurons.[7] To characterize the activity of Nogo-B on endothelial cell 
function, we examined if GST Am-Nogo-B or GST Nogo-66 influenced endothelial cell 
spreading. While coating with GST Am-Nogo-B reduces spreading of COS cells as seen 
previously, it increases endothelial cell spreading. GST Nogo-66 has no significant effect 
on spreading of either cell type (Figs 2B and C). Next, we examined the effects of Am 
Nogo-B on endothelial ceil adhesion. Coating plateswith GST- Am Nogo-B, but not GST 
alone, also increases the adhesion of both EA.hy.926 cells and HUVEC. Finally, since 
Am Nogo-B increases the spreading and adhesion of endothelial cells, necessary 
processes for cellular migration, we examined if soluble Am Nogo-B may act as a 
chemoattractant for endothelial cells. HUVEC were cultured onto transwell inserts and 
GST, GST-AmNogo-B or vascular endothelial growth factor (VEGF, as a positive 
control) were added to the bottom wells of the chambers to establish a gradient. As seen 
in Fig 2F, GST Am-Nogo-B, but not GST alone, dose-dependently increases endothelial 
cell migration. More importantly, adding Am-Nogo-B (Ng/Ng) or VEGF (V/V) to both 
the upper and lower chambers to eliminate the chemoattractant gradient, abolishes 
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directional migration. These data show that the amino terminus of Nogo-B (1-200) is a 
new functional domain for Nogo mediated signaling that promotes endothelial cell 
spreading, adhesion and migration, processes important for angiogenesis and vascular 
remodeling. 

We next examined the expression of Nogo isofonns in several blood vessels obtained 
from mice. As seen in Fig 3 A, the mRNA for all isofonns (using specific primers for 
total Nogo-B (Nogo Bl and B2), Nogo-B2, Nogo- A and Nogo-C) were expressed in 
mouse brain, femoral and carotid arteries and thoracic and abdominal aorta. Western 
blotting of cells extracts from these tissues documented the expression of Nogo-B protein 
in isolated blood vessels, but not Nogo- A, which is enriched in brain extracts (Fig. 3B). 
To examine the tissue distribution of Nogo A/B in vivo, we used mice with targeted gene j 
trap of the nogo ab locus[8]. The gene trap locus is at the 5' end of the largest Nogo A 
selective exon disrupting the expression of both Nogo -A and -B. These mice are viable, 
fertile and exhibit normal behaviors as described and can be used to track the endogenous 
expression of Nogo A/B due to the insertion of the (3-galactosidase gene at the nogo 
locus. As seen in Fig 3C, Nogo A, but not Nogo-B, is highly expressed in brain of wild- 
type mice (lane 1) whereas Nogo-B, but not Nogo- A, is highly expressed in aorta (lane 
2). Disruption of nogo ab (-A) results in the loss of immunoreactive Nogo- B from the 
aorta (lane 3). Next, we examined the endogenous expression of the nogo ab locus in 
various blood vessels taking advantage of the 0-galactosidase gene trap in Nogo A/B (+/- 
) mice. The nogo ab gene is expressed the endothelial and smooth muscle cells of the 
femoral artery, endothelium of the paired fermoral vein (Fig 3D) and both layers of the 
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aorta (Fig. 3E). In whole mount staining, nogo ab is expressed in large blood vessels 
emanating from the heart, the atria, and main coronary vessels (see arrows in Fig 3F). 
Cross section through the atria shows the transgene in atrial myocytes, coronary vessels, 
and more sparsely in ventricular myocytes peripheral to the vessel (Figs. 3 G and H). 
Additional staining was seen in most vascular tissues including vessels in the brain Fig 
31), lung and in epithelial cells in the lung, intestine and gall bladder (not shown). 

Since Nogo- A/B (-/-) mice are viable, Nogo isoforms are not essential for vascular 
development; however, Nogo-B expression in the vessel wall suggests that it may 
influence several aspects of post-natal vascular homeostasis, including response to injury 
and luminal remodeling. To investigate the role of Nogo-B during vessel injury, femoral 
arterial wire injury was performed in C57BL/6J mice and immunohistochemistry for 
Nogo-B examined in control and injured vessels. As seen in Fig. 4A, Nogo-B protein is 
amply expressed throughout the vessel wall in control vessels and is markedly reduced in 
vessels at one week post-injury. This suggests that the loss of Nogo-B may influence 
aspects of vascular remodeling post-injury. To further examine the endogenous role of 
Nogo-B in vessel remodeling, femoral artery injury was performed in wild-type mice 
(C57BL/6J), Nogo A/B (+/-) or Nogo A/B (-/-). As seen in Fig 4B, Nogo A/B (-/-) mice 
exhibit enhanced neointima formation at two weeks post-injury compared to wild-type 
mice. Quantitative morphometry of injured vessels reveals a "gene-dosage effect" with a 
progressive increase in neointimal expansion (i.e. increased intimal area and I/M ratio) 
dependent on the loss of one and two copies of the gene, respectively (Fig 4C). Since 
wire injury acutely triggers the loss of endothelium, activation of 
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coagulation/inflammation, smooth muscle apoptosis followed by migration, proliferation 
and reorganization of endothelium smooth muscle cells and fibroblasts/ we examined the 
the incorporation of BrdU to assess proliferation during the remodeling response two 
weeks post-injury. The increased cellularity found in injured vessels from the Nogo A/B 
(-/-) mice is associated with a marked increase in cellular proliferation in primarily the 
intimal and adventitial layers of the vessel wall (Figs. 4D and E). These data demonstrate 
that the genetic loss of nogo ab exaggerates vascular injury and neointimal proliferation 
thus providing compelling evidence for a role of endogenous Nogo-B in vascular wall 
physiology and pathophysiology. 

To further test if Nogo-B can regulate injury evoked neointimal expansion, we generated 
an adenoviral construct expressing an HA-tagged form of Nogo-B (Ad Nogo-B). As seen 
in Fig. 5 A, infection of endothelial cells with increasing titers of Ad Nogo-B results in 
increased expression of the transgene. Next, we introduced adenoviruses expressing 
either (3-galactosidase (Ad J3-gal) or Ad Nogo-B, applied them to the adventitial side of 
the vessel wall immediately after wire injury using pluronic gels and examined neointima 
formation. Injured femoral arteries from mice transduced with Ad |3-gal exhibited robust 
neointima formation (arrows in Fig SB) as quantified by an increase in intimal area and 
intimal:media ratios (I/M, Fig 5C, open bars) three weeks post injury. In contrast, 
arteries transduced with Ad Nogo-B revealed a marked reduction in gross injury (right 
panel, Fig 5B), neointimal area and I/M ratios (Fig 5C, black bars). To determine the 
Ad Nogo-B effect on the proliferative phase of neointima formation, we examined the 
incorporation of BrdU into cells one week post-injury. As seen in Fig 4E, transduction of 




vessels with Ad Nogo-B (black bars) markedly reduces BrdU incorporation, quantified as 
BrdU positive cells/total cells per section, in the intima, adventitia of the vessel wall 
compared to Ad |3-gal transduced vessels (open bars). These data suggest that 
transduction of vessels with Ad Nogo-B rescues the acute loss of Nogo-B, thus 
preventing neointima formation and abnormal remodeling. 

Our study identifies Nogo-B in CEM/LR domains of the plasma membrane of endothelial 
cells. Although the mRNA for Nogo-A is also present in endothelial cells and blood 
vessels, only Nogo-B protein can be detected in these extracts. Furthermore, Nogo-B 
found on the cell surface is oriented with the amino terminus being extracellular. The 
amino terminus of Nogo-B can induce the in vitro spreading, adhesion and migration of 
endothelial cells in contradistinction to the inhibitory actions of Am Nogo-A and Nogo- 
66 on cellular motility suggesting that there are multiple functional domains that can 
promote or inhibit cellular function residing within the N-terminus of Nogo isoforms. 
Moreover, Nogo isoforms may exert cell md tissue specific effects considering the 
restricted expression patterns of Nogo -A/B. The biological significance of Nogo-B in 
blood vessels is underscored by its endogenous expression in arteries and veins found in 
multiple organs, marked neointimal expansion in injured vessels of Nogo- A/B (-/-) mice 
and Ad Nogo-B mediated correction of neointimal proliferation and remodeling in 
injured vessels of wild-type mice. Thus, identification of this novel function of Nogo-B 
in cells of the vessel wall provides the first in vivo evidence for a peripheral role of Nogo 
isoforms. In addition, the presence of Nogo-B in vessels may enrich our understanding 
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of the pathways that regulate angiogenesis and tissue remodeling in disease states such as 
atherosclerosis, post-angioplasty restenosis, diabetes and cancer. 
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Methods 

Cell culture -EA.hy.926 cells were cultured in high glucose DMEM with 10% FBS 
(Gibco) and HAT (Sigma, St. Louis, MO). HUVECs were cultured in Ml 99 with 
20%FBS and ECGS. HEK293T and COS-7 cells were cultured in high glucose DMEM 
with 10%FBS. 

Expression vectors — The full length coding sequence of Nogo-B was ampiflied from 
EA.hy.926 through RT-PCR and ligated into pcdna3. GST-Am-Nogo-B was generating 
by ligating cDNA encoding residues 1-200 of Nogo-B into pGEX4T-l. Ad Nogo-B was 
generated as previously described by ligating HA tagged full length Nogo-B into 
pShutdeCMV. [9] GST-Nogo-66, pcdna3.1-MycHis Nogo-A[l] and Ad P-Gai has been 
described. (Walsh) 

RT-PCR -Total RNA from tissue and cells was isolated using RNEasy Kit (Qiagen). RT- 
PCR was then performed using lOOng and 500ng RNA respectively and primers specific 
for Nogo A, Nogo B, Nogo B2, Nogo C, and p-actin (Invitrogen, Burlingame, CA). lOng 
Nogo-B and Nogo-A plasmid were used as controls. 

Western Blot Analysis - COS-7 were cells transfected with pcdna3NogoB and 
pcdna3.1NgA-MycHis using Lipofectamine 2000 (Invitrogen, Burlingame, CA) as 
controls. 20ug protein from HUVEC and EA.hy.926 was used. Expression of Nogo was 
detected using anti-Nogo 1-18 (Santa Cruz Biotechnology, Santa Cruz, CA) or anti- 
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NogoA [10]. Anti-p-actin (Sigma, St. Louis, MO) or anti-hsp90 (BD Biosciences 
Pharmigen, San Diego, CA) was used to control for loading. 

Isolation qfCEM/LR and identification ofNogo-B. CEM/LR from proliferating 
EA.hy.926s were prepared using a sodium carbonate, sucrose density gradient 
fractionation as described previously[l 1] with slight modifications. To further purify 
lipid-rich microdomains, the buoyant, light-scattering membrane fraction from the first 
gradient was reloaded on a discontinuous sucrose gradient, spun and recollected. 
CEM/LR were pelleted at 100,000xg, resuspended in 2X Laemli Buffer. Concentrated 
membranes were run on SDS-PAGE and stained with Coomassie. Visible bands were 
excised from the gel and prepared for MALDI-ReTOF MS as described previously. Top 
'major 1 experimental masses (m/z) combined from MALDI-ReTOF MS experiments were 
used to search a non-redundant protein database using the Peptide Search Algorithm. [12, 
13]Plasma membrane (PM) CEM/LR were isolated by homogenizing cells in Tris pH 9,6, 
5mM MgCl 2 , and pelleted at 10,000 xg to enrich PM. PM was resuspended in 500mM 
sodium carbonate and processed as above to isolate CEM/LR. 

Surface staining/FACS Analysis - EA.hy.926 cells were incubated with either 5 ng anti- 
Nogo antibody or goat IgG for lhr at 4°C prior to fixation with 3% paraformaldehyde. 
Cells were then incubated with FITC-anti-goat (Jacksonlmmuno). For surface staining 
anti-caveolin-1 antibody (Santa Cruz) as well as peptide used to raise anti-Nogo antibody 
(Santa Cruz) were used as controls. For caveolin, cells were then incubated with anti- 
rabbit secondary antibody (Jacksonlmmuno). Permeabilized cells were treated with 0.1% 
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Triton-X 100 for 5 min prior to incubation with primary antibody. For FACs analysis 
cells were detached using Versene (Bio-Whittaker, Walkersville, MD) and equal cell 
number were treated as above. For permeabilization, 0.3% saponin was added with 
antibody. 

Cell spreading, adhesion and migration assays - 125pmol GST, GST-Am-NogoB, or 
GST-Nogo66 was added to 0.02% Poly-L-lysine coated 12mm coverslips and let dry 
overnight. EA.hy.926 cells (50,000) were plated and let adhere onto for 2hrs prior to 
fixation and staining with Alexa 594-Phalloidin (Molecular Probes). Between 1 50 and 
200 cells were counted per coverslip. For adhesion experiments were performed 
essentially as described[14], with minor modifications. Titerek plates were coated as 
above except 25pmbl of protein and 20,000 cells were plated onto each well, let adhere 
for Ihr prior to fixation and quantitation. . For migration experiments, a modified Boyden 
chamber was used (Costar transwell inserts, Corning Inc, Acton, MA) [15]. The 
transwell inserts were coated with a solution of 0.1% gelatin (Sigma, St. Louis, MO) in 
PBS at 4 °C overnight and then air-dried. VEGF at 50 ng/ml (l.lnM) or recombinant 
GST Am-Nogo-B at different concentrations (lOOnM, lOnM and InM, respectively) 
dissolved in medium 199 containing 0.1% bovine serum albumin (BSA) was added in the 
bottom chamber of Boyden apparatus. HUVEC (2 x 10 5 cells) suspended in Ijj.1 aliquot of 
medium 199 containing 0.1% BSA was added to the upper chamber. After 5 hours 
incubation, cells on both sides of the membrane were fixed and stained with Diff-Quik 
staining kit (Baxter Healthcare Corp, Dade Division, Miami, FL). The average number 
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of cells from five randomly chosen high power (400x) fields on the lower side of the 
membrane was counted. 

X-gat staining - At death, Nogo A/B (+/-) mice were perfusion fixed with 2% 
paraformaldehyde. Tissues were excised and stained overnight at 37°C. Vessels were 
embedded in OCT and cryostat frozen sections were obtained for the femoral and aorta 
(5|j.m and lOjim respectively) Whole mount pictures of other tissue were taken on a 
camera mounted on a dissecting scope prior to embedding in paraffin for S^im sections 
counterstained with eosin. 
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Femora/ artery injury and adenoviral transduction - All experiments were approved by 
the institutional animal care and use committees of Yale University. 8-10-wk-old male 
C57BL/6J mice (Jackson Laboratories, Bar Harbor, ME) or Nogo-A/B (+/-, -/-) mice 
were anesthetized with ketamine/xylazine (79.5 mg/kg ketamine, 9.1 mg/kg xylazine). 
Femoral artery injury, adenoviral infection and morphometry were performed as 
previously described. [16, 17] Ad p-Gal or Ad Nogo-B (3 x 10 8 PFU) was delivered by 
painting the adventitia side of the femoral artery with 50 ul of adenovirus (15 ul)/30% 
Pluronic-127 gel (35 ul, Sigma, St. Louis, MO) mixture immediately after injury. Injured 
femoral arteries were collected 7 days, 2wk and 3 wk after surgery. 5-Bromo- 
2*deoxyuridine (BrdU) was injected subcutaneously (25 mg/kg) 3 days before sacrifice 
daily and intraperitoneally (30 mg/kg) 12 h before death. Ad Nogo-B was generated as 
described. 

Histology and immunohistochemistry- At death, perfusion fixed (4% paraformaldehyde in 
PBS, PH 7.4) or fresh carotid arteries were taken and embedded in O.C.T (Tissue-Tek 
Elkhart, IN)- Cryosections (5 urn) of arteries were obtained for hematoxylin/eosin, elastic 
staining and immunohistochemistry (IH). For IH, artery sections were quenched for 
endogenous peroxidase, blocked in 10% goat or donkey serum and incubated with o> 
Nogo-B (Santa Cruz) or a-BrdU (Pharmingen). Bound primary antibodies were detected 
using avidin-biotin-peroxidase (NovaRed Peroxidase Substrate Kit, Vector Laboratories) 
and 3-amino-9-ethyl carbazole as chromophore (AEC, Vector). BrdU index was the 
percentage of BrdU positive cells of total nuclei in intima, media and advantitia. 
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Figure 1. Identification of Nogo-B in endothelial cells. A. mRNA for various Nogo 
isoforms in endothelial cells was detected by RT-PCR using primers for the different 
isoforms. As controls, COS cells were transfected with plasmids encoding human Nogo- 
A and -B cDNAs. B. Expression of Nogo proteins in COS cells expressing Nogo-B, 
Nogo-A and in endothelial cells. COS cells and endothelial cells endogenously express 
Nogo-B protein, but not Nogo-A protein. Protein expression was monitored using anti- 
Nogo-A/B antibody and anti-hsp90 for a loading control. C. Enrichment of Nogo-B in 
CEM/LR in EA.hy.926 cells. Equal volumes (25ul) of sample were loaded from each 
fraction and proteins blotted with anti-Nogo-B, and amvcaveolin 1, angiotension 
converting enzyme (ACE; QED Biosciences, San Diego, CA) and P-COP (ABR, 
Golden, CO) to determine the location of these protein markers. D. Nogo-B is present in 
plasmalemmal CEM/LR of EA.hy. 926 cells. Equal amounts of protein (5|Ag) in PNS 
(post nuclear supernatant), PM (plasma membrane), PMS (post membrane supernatant) 
were loaded and 50 ul volume was loaded from isolated LR fraction (1 ml). E. Co- 
localization of Nogo-B and caveolin-1 in EA.hy.926 detected by immunofluorescence 
microscopy. Surface labeling of Nogo-B determined by FACS analysis (F) and surface 
staining of Nogo-B using immunofiuorescent microscopy (G). 

Figure 2. The amino terminus of Nogo-B promotes endothelial cell functions. A. 
Diagram of primary amino acid domains of Nogo-B used for generation of GST fusion 
proteins. B. GST Am-Nogo-B promotes endothelial cell, but not COS-7 cell spreading. 
Data represent mean± SEM from n= 8 (PBS, GST Nogo-66) n=12 (GST, GST Am- 
Nogo-B). C. Representative Alexa 594-Phalloidin staining of EA.hy.926 cells plated as 



18 



inB. D. GST Am-Nogo-B promotes adhesion of endothelial cells. Data represent mean± 
SEM (n=4), p<0.05 and this experiment was repeated 3 times with similar results. E. 
GST-Am-Nogo is a chemoattractant for HUVEC. Cell migration was determined in 
modified Boyden chambers using recombinant GST, GST Am-Nogo-B and VEGF (1.1 
nM) respectively. Each value represents mean± SEM (n=3), p<0.05 and this experiment 
was repeated 3 times with similar results. 

Figure 3. Nogo-B is present in intact blood vessels. A. The mRNAs for various Nogo 
isoforms were detected in isolated murine blood vessels by,RT-PCR using isoform 
selective primers. B. Nogo-B, but not —A, protein expression in murine blood vessels 
(right panels). Lysates of murine brain or COS-7 cells transfected with Nogo-A or B 
cDNAs were used as Ab controls and P-actin as a loading control. C. Loss of Nogo-A/B 
proteins in brain and aortic extracts prepared from Nogo-A/B (-/-) mice. X-Gal staining 
of a femoral artery/vein pair (D) and aorta (E) isolated from a Nogo-A/B (+/-) mouse. L 
depicts the lumen of the vessels and arrows mark gene expression in endothelium and 
smooth muscle, respectively. Whole mount staining of the heart demonstrating gene 
expression in large vessels, main coronary artery, left anterior descending vessel and atria 
(F). Cross section analysis demonstrates Nogo-A/B expression in atrial myocytes (G), 
coronary vessels (H) and vessels (black arrow) and neurons (open arrow) in the cerebral 
cortex (I). 

Figure 4. The extent of vascular injury is markedly increased in Nogo-A/B 
knockout mice. A. Immunohistochemistry of Nogo-B protein shows that it is present in 
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all layers of non-injured vessels and is reduced in vessel one week post-injury. B. H&E 
and elastic von Giessen (EVG; to delineate the elastic laminae) staining of femoral 
arteries obtained from control and Nogo -A/ B (-/-) mice. C. Quantitative morphometry 
of intimal area and intima/media ratios in control and Nogo-A/B (+/- and -/-) mice at 2 
weeks post-injury. Data are expressed as mean ± SEM with 10 sections analyzed from 5 
mice, * p<0.05). D. The loss of Nogo-B promotes cellular proliferation. BrdU . 
immunostaining in vessels from control and Nogo-A/B (-/-) mice at 2 weeks post-injury. 
Scale bar, 50|am. E. Quantitation of BrdU labeling in different layers (intima, media, 

adventitia) or whole femoral arteries at 2 weeks after injury. Data are expressed as mean 

/ 

± SEM with 10 sections of 5 arteries analyzed, * p<0.05. 

Figure 5, Ad Nogo-B prevents injury evoked neointmal expansion A. 

Characterization of adenovirus expression HA-tagged Nogo-B. EA.hy.926 cells were 
infected with increasing multiplicity of infection (MOI) of a virus encoding Nogo-B. 
Cell extracts were blotted for Nogo-B and the HA epitope. B. Hematoxylin and eosin 
(H&E) staining of Ad p-gal and Ad-Nogo-B transduced vessels. Note the thickened 
neointima in Ad |3-gal transduced segments compared to Ad Nogo-B transduced arteries. 
Scale bar represents lOOjim C. Ad Nogo-B reduces injury evoked neointima. Intimal 
area and intima/media ratios were quantified morphometrically in vessels three weeks 
after injury. Data are expressed as mean ± SEM with 10 sections analyzed from 5 mice 
treated with Ad (i-gal or Ad Nogo-B viruses, p<0.05. D. Ad Nogo-B reduces vascular 
cellular proliferation. BrdU immunostaining in Ad P-gal and Ad Nogo-B transduced 
vessels at 1 week after injury. E. Quantitation of BrdU labeling in different layers 
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(intima,.media, adventitia) or whole femoral arteries,l week after injury. Data are 
expressed as mean ± SEM with 10 sections analyzed from 4 mice treated with Ad p-gal 
or Ad Nogo-B viruses; p<0.05. Scale bar represents 50nm. 




Acknowledgements 

This work is supported by grants to W.C.S from the NIH. 



21 



22 



References 

1 GrandPre, T., et at, Identification of the Nogo inhibitor of axon regeneration as a 
Reticulon protein. Nature, 2000. 403(6768): p. 439^4. 

2 Chen M S., et al., Nogo-A is a myelin-associated neurite outgrowth inhibitor and 
an antigen for monoclonal antibody JN-L Nature, 2000. 403(6768): p. 434-9. 

3. Brosamle, C, et al., Regeneration oflesioned corticospinal tract fibers in the 
adult rat induced by a recombinant, humanized IN-1 antibody fragment. J 
Neurosci, 2000. 20(21): p. 8061-8. 

4 Merkler, D., et al., Locomotor recovery in spinal cord-injured rats treated with an 
antibody neutralizing the myelin-associated neurite growth inhibitor Nogo-A. J 
Neurosci, 2001. 21(10): p. 3665-73. 

5 GrandPre, T., S. Li, and S.M. Strittmatter, Nogo-66 receptor antagonist peptide 
promotes axonal regeneration. Nature, 2002. 417(6888): p. 547-51 . 

6 Oertle T et al., Genomic structure and junctional characterisation of the 
promoters of human and mouse nogo/rtn4. J Mol Biol, 2003. 325(2): p. 299-323. 

7 Foumier, A.E., T. GrandPre, and S.M. Strittmatter, Identification of a receptor 
mediating Nogo-66 inhibition of axonal regeneration. Nature, 2001. 409(6818): p. 
341-6. 

8. Kim, J., et al., Axon regeneration in young adult mice lacking Nogo-A/B. Neuron. 

9 He T -C, et al., A simplified system for generating recombinant adenoviruses. 
Proc Natl Acad Sci U S A, 1997. 95: p. 2509-25 14. 

10. Wang, X., et al., Localization of Nogo-A and Nogo-66 receptor proteins at sites of 
axon-myelin and synaptic contact. J Neurosci, 2002. 22(13): p. 5505-15. 

1 1 Song K S., et al., Co-purification and direct interaction ofRas with caveolin, an 
integral membrane protein ofcaveolae microdoniains. Detergent-free purification 
ofcaveolae microdomains. J Biol Chem, 1996. 271(16): p. 9690-7. 

12 Wittschieben, B.O., et al., A novel histone acetyltransferase is an integral subunit 
of elongating RNA polymerase II holoenzyme. Mol Cell, 1999. 4(1): p. 1 23-8. 

1 3 Otero, G., et al., Elongator, a multisubunit component of a novel RNA polymerase 
II holoenzyme for transcriptional elongation. Mol Cell, 1999. 3(1): p. 109- 1 8. 

14. Morales-Ruiz, M., et al., Vascular endothelial growth factor-stimulated actin 
reorganization and migration of endothelial cells is regulated via the 
serine/threonine kinase Akt. Circ Res, 2000. 86(8): p. 892-6. 



23 

15. Ziche, M., et al., 2V/Yr/c oxide synthase lies downstream from vascular endothelial 
growth factor-induced but not basic fibroblast growth factor-induced 
angiogenesis. J Clin Invest, 1997. 99(1 1): p. 2625-34. 

1 6. Blanc-Brude, O.P., et al., Inhibitor of apoptosis protein survivin regulates 
vascular injury. Nat Med, 2002. 8(9): p. 987-94. 

17. Yu, J., R.D. Rudic, and W.C. Sessa, Nitric oxide-releasing aspirin decreases 
vascular injury by reducing inflammation and promoting apoptosis. Lab Invest, 
2002. 82(7): p. 825-32. 



J' 



Nogo-A E 


— 




Nogo-B 


Nogo-B2 






p-actin 







i 



c. 

Nogo-B 
Caveolin-1 
ACE 
P-COF 



1 2 3 4 



Nogo-A 



Nogo-B 



,*P ^ 




Hsp90 

D. OMR PM PMS LJ 

Nogo-B! 


















•"'••ft: fei/^S. 
—J * ^ \-\ 






Nogo 


Caveolin-1 I 



F. 



Nogo 

Nogo w/ Tx 
IgG 






c. 



.'Si 



PBS. 



I GST 



I GST-Am-Nogo-B 



GST-Nog&66 




/A. 



J* 



4* & 



Nogo-B1 


tjs&&s6 *^^- *£*=^' 


Nogo-B2 


« %»sJas»o *X*amzr» vwcsa** mtuvum 


Nogo-A 


t&fciiitS &SS»1~ Wm&- ^f*- 


Nogo-C 


«33g&* *&s»3i rtsa*--** 


p-actin 


iis^a «SK«# ****** ***t*> 



c. 





a— Nogo-B 
a-f*-actin 






Ad p-Gal Ad Nogo-B 




United States Patent & Trademark Office 

Office of Initial Patent Examination ~ Scanning Division 




Application deficiencies found during scanning: 

□ Page(s)^ of were not present 

for Scanning. (Document title) 



□ Page(s) of ; were not present 

for Scanning. (Document title) 



□ Scanned copy is best available. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



\U BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




